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IMO 2024:

▪ DeepMind1: 4/6 (formal)

IMO 2025:

▪ DeepMind2 & OpenAI3: 5/6 (natural language)
▪ Harmonic4: 5/6 (formal)
▪ ByteDance5: 4+1/6 (formal)

Recent results 2

1https://deepmind.google/discover/blog/ai-solves-imo-problems-at-silver-medal-level/
2https://deepmind.google/discover/blog/advanced-version-of-gemini-with-deep-think-officially-achieves-gold-medal-standard-at-the-international-mathematical-olympiad/
3https://github.com/aw31/openai-imo-2025-proofs/
4https://harmonic.fun/news
5Seed-Prover: Deep and Broad Reasoning for Automated Theorem Proving, ByteDance



High-School - MiniF2F 3

Seed-Prover: Deep and Broad Reasoning for Automated Theorem Proving, ByteDance



Undergraduate - PutnamBench 4



SOTA models are not easily accessible

▪ Some of them are private: AlphaProof, SeedProver, …
▪ The others require, at least, high-end consumer GPUs
▪ SOTA results require tons of compute

Models struggle on real-world formalization problems

How do we measure and optimize for real-world use cases?

Practical usage 5



Existing benchmarks:

▪ High-School and Undergraduate levels
▪ Standalone theorems & competition problems

• i.e. no local dependencies
▪ Focused on theorem proving. What about autoformalization?

Challenges when curating benchmarks:

▪ Requires domain expertise
▪ Historically, formalization mistakes are frequent in AI benchmarks

• ex: in ProofNet, >30% of the formal statements are invalid1

Can we leverage existing formalization projects?

Benchmark 6

1Improving Autoformalization using Type-Checking, Poiroux et al.



Lean Blueprint 7

Fine-grain alignment between natural language and Lean4 code

Used for formalizing research results:

▪ Polynomial Freiman-Ruzsa Conjecture, Tao et al. https://teorth.github.io/pfr/

▪ Carleson’s theorem, van Doorn et al. https://florisvandoorn.com/carleson/

▪ Sphere Packing, Viazovska et al. https://thefundamentaltheor3m.github.io/Sphere-Packing-Lean/

▪ Medium Prime Number Theorem, Kontorovich et al. 

https://alexkontorovich.github.io/PrimeNumberTheoremAnd/web/

https://teorth.github.io/pfr/
https://florisvandoorn.com/carleson/
https://thefundamentaltheor3m.github.io/Sphere-Packing-Lean/
https://alexkontorovich.github.io/PrimeNumberTheoremAnd/web/


RLMEval: a framework to transform blueprint projects into 
benchmarks

RLM25: an instance of RLMEval on 6 formalization projects

▪ Total of 619 (natural-language, lean4) aligned theorems

RLMEval 8
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Automated/Neural Theorem Proving

▪ Input: theorem to prove (+ local context)
▪ Output: formal proof

Proof Autoformalization

▪ Input: theorem to prove + informal proof (+ local context)
▪ Output: formal proof

Statement Autoformalization

▪ Input: informal theorem to formalize (+ local context)
▪ Output: formal theorem

RLMEval - Evaluation tasks 10



Auxiliary lemma = Lean lemma not appearing in the informal blueprint

ATP/NTP + Proof autoformalization tasks:

▪ Easy mode: auxiliary lemmas are available in the context
▪ Normal mode: auxiliary lemmas are hidden from the evaluated model

RLMEval - Evaluation tasks 11



RLM25 - Results 12



RLM25 - Results 13

Accuracy on RLM25 using in-file content prompting and n=50 samples + Self-BLEU for each informal 
theorem to formalize



Scaling 14

Statement Autoformalization Proof Autoformalization
Normal mode



RLM25 - Case Study 15



RLMEval only captures a small part of real-world formalization tasks

Non-exhaustive list of capabilities to evaluate in the future:

▪ Deriving the informal blueprint from a paper

▪ Refining and adapting the blueprint/formalization during the 

formalization process

▪ Refactoring Lean code to make components reusable / 

integrated to Mathlib

▪ Definition formalization

▪ …

Next steps 16



Lean4↔Python interface
▪ Support Lean v4.7.0-rc1 to v4.23.0-rc2 (>50 versions)
▪ Spin up ephemeral Lean projects
▪ >10k downloads on PyPI

Backend:
▪ Lean REPL1 fork
▪ Latest features & bug fixes semi-automatically backported

Coming soon: improved data extraction, incremental (Lean >= v4.8.0) & 
parallel elaboration (Lean >= v4.19.0)

LeanInteract 17

1Lean REPL, Morrison et al., github.com/leanprover-community/repl



RLMEval:

▪ Measure performance on real-world projects
▪ Current training methods have limited success

→ project-wide context awareness is necessary

Papers:
▪ Reliable Evaluation and Benchmarks for 

Statement Autoformalization, Poiroux et al., 
EMNLP 2025

▪ RLMEval: Evaluating Research-Level Neural 
Theorem Proving, Poiroux et al., EMNLP 2025 - 
Findings

Conclusion 18

LeanInteract

RLMEval
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